
An analysis is presented of perinatal and neonatal losses by gestation,
birth weight, and ethnic group among almost 650,000 deliveries in
New York City from 1958 to 1961. The patterns of loss among whites
and nonwhites are discussed in terms of differences and similarities.
Research is needed to determine whether there is a difference in
the rates of development of fetuses of different ethnic groups.
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BECAUSE of the recognized uncertainty
of duration of gestation the objective

measure of weight at birth has been
widely used as an indicator of maturity
of an infant at delivery. Yet, there is
no question that, for any specific weight,
the probability of survival will be
closely related to the duration of preg-
nancy.1'2 Moreover, infant mortality
among nonwhites at low birth weight
has been widely noted to be less than
that among whites, whereas at weights
above 2,500 grams the rate among
whites is lower. This reversal in rela-
tive mortality by weight at birth has
led to the hypothesis that nonwhite in-
fants at lower weights are more mature
than white infants. In addition to
other observations, we shall look into
this hypothesis, at least insofar as ma-
turity is measured by duration of gesta-
tion.

Source of Data

For this analysis we have accumulated
four years experience among single-born
deliveries at 20 or more weeks gestation,

representing 655,542 live births and
16,373 fetal deaths, as reported on
certificates filed with the New York City
Department of Health in 1958 through
1961. From the total 671,915 deliveries,
24,054 (3.6 per cent) were excluded
because information on weight, gesta-
tion, or both was not reported, leaving
647,861 deliveries available for analysis.
Of these, 513,197 were white and
134,664 nonwhite. Analysis had to be
restricted to the weight and gestation
intervals available in the data already
tabulated. The numeric distributions by
weight and gestation for the total de-
liveries are given in Table 1 for each
ethnic group.

Limitations of Data

Among the total reported pregnancies,
both weight and gestation were unknown
for about one in 1,000 cases among
whites and two in 1,000 among non-
whites; weight alone was not reported
by 1.2 and 2.0 per cent respectively,
and gestation alone for 1.9 and 3.1 per
cent respectively. Contrary to the im-
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PERINATAL AND NEONATAL MORTALITY

plication of these figures, smaller pro-
portions with weight not reported were
found among nonwhite deliveries at
each gestation interval. As expected, the
maximum percentages with weight not
reported occurred in the groups less than
26 weeks gestation with 50 per cent not

reported among whites and 40 per cent
among nonwhites. These proportions
diminished rapidly to less than one per
cent for deliveries at 36 weeks or more.
On the other hand, failure to report

information allowing calculation of the
gestation interval was uniformly more

Figure 1-Estimated Percentage Distributions of Single Live Births by Duration of
Pregnancy and by Ethnic Groups for Specific Birth Weight Groups: New York City,
1958-1961

IRTIIHWEIGHT 1000 GRAMS and 1001-1500 GRAMS fIRTHWEIGHT 1501-2000 GRAMS and 2001-2500 GRAMS
Percent < 1000 Grams Percer*
16 White -- 16 1501-2000 G0mtNont-White -

White
1001-1500Grams Non-White
White 200122500GGram

12 Nf-12 White
Non-White ...... 4<

8 I a A

4RHEIH 3S1/0 GRM 4ITWIH 4014S0GRM

4 4,

16 20 24 28 32 36 40 44 16 20 24 26 32 36 40 44

DURATION OF PREGNANCY (Weeks) DURATION OF PREGNANCY (Weks)

_IRTHWEIGHT 2501 5000 GRAMS RIRTHWEIGHT 2001 3500 GRAMS

24 3___ 0 White
Whit.e __ Non-White

2 Non-White 25

16. ~~~~~~~~~~~~~~~~~~~~20

12 I1

8 10

*1 ~~~~~~~~~~5/
/~~~~~~~~~~

32 26 34 38 2 46 18 22 26 30 34 36 42 46

DURATION OP PRtEGNANCY (WooksI DURATION OP PREGNANCY (Weeks)

RlIRTHWEIGKT 3501-4000 GRAMS BIRTHWEIGHIT 4001-4500 GRAMS
Percent ~~~~~Whit. -

ecn

of ftt.8 Non-White 30 NotalWhlte
30 3 o-hl

25 A25

20 20

15 / 5I

10 10

16 2 6 50 6 4 46 18 22 26 50 34 36 42 46

DURATION OP PREGNANCY (W.e&.) DURtATION OP PRtEGNANCY (Wweek)

NOTE: Individual weeks <30 and 37 and over estimated from
Jan.-Nov. 1962 births.

NOVEMBER, 1964 1 843



t-V\i"L C \ C\0% t- C
03C6 & t C LfC6

C\eo e s C

L

O CO q:1 10 qd -

crEL CO
r-

61p 4
U:

4 t- 0; Lt C

0% V ci

I- LOci

- C) m \CO L
n r-

_i C>0sf40%00flci0%-4 tr-
00 \V0 C-

VC'IcicizT'00Vr- 0 00%0\
C) 'I CS 4 C6 t- 4 00 Cto

t-0 0Vc~0 00Ieo£1
0 LCL

eq \0 0 q: 'IC CnO C4C0iV00 V00Vci0P t-- 00
Cn 1e qe t- CY r C-4 Cq - so m

6e> t-£ 1t-oo c 6C Cli 0 od
0 m m000 VC 00
C\ \s CS4

NO ql- qzf"PCSd LOe
qC;\ CS

Vc "-Cfi cV4ci o
(DO Vc iN r -q\

LO0%t -iLf -- "-4

LO I'd, NO Q

ON LO co -o

00L)'-c00 -:s

C6e UC C O

0; cl ui 5 M' ci4

"! :tl O It r- T-

C>1 0t mLn1 meco8 m ct-OLf ci _ O
C0% Lf 00 e 6_ _ Q

00V0 '0000

u: .:t CO 'I£CS Ilz

ISoo CO Lo

0%cO00 e -OLn OL O 6
C -0 =- -

oo IT Itt mCSCd

ciLf~~~~~~c

0%--00 - V44 LfY

VOLf iLf0 0 0

oKoKoKoooo~~~~~~U
0 0^^F^

jJ_ n C LfedOd4uz

4)

.C

0

00c"IR4CiC"L-" - Vc
- cyo6c o cyi Vcy

VVcioasPH ci0 cr' -

t-: C6 cyi ti lZ a; Ci c; N

N ' cq ci

c6 6zcyij6 o6o 6 Lti: cLoLO co c --4o
e

t-
oo LO -

OC > dt C%
r-

o r- 4 CS

0 \0 00 0 iL V %C C
"4,6 6o cli o L6 cli o o

Cq t- rl U: r-- r C14 r-- Mt d
oo CY f.- r-

Lr m V000LfCDLf0V0% Vq:

CY (= (: tg
08 o'o ooi C>C)

L OCS Oco \oo 6

00 dt -

O0CO f %O 0 VO -

oo CorCoo r

t-\0 %C-LO c00 C1 '00 0

00 I r-

00 O4 000C C 0%

co "- -4 % C 00 so
-t C )

% r- N \ cciCco -
00 croo -so

\D =LP -C-S c0o CSoC -C 6 CD

00 Lo O,4 Lq co co
cit-- eooc o 6

W0LO0 ci

VV%C -000 0 0\. c o " o o c

oo>'cre 00 0 -
Lefcq ci C

e 3oso o o

00000880

^ no u 5o 5
_IC'C4 cy 6 4eP U Y

_,
"000000000 YC
= O r OLO0Le0LIe 0r

u: ~ ~ ~ ~ ~ ii u

VOL. 54, NO. 1 1. A.J.P.H.

0)

0

E-

I0

00w

V4
00

Po

So

'-

0

0.

*C

PC:

0

Cu

_0

* e

wS

CZ

Cu

1-
U)

U,C)

C.

0

Cd

C.

W)

Lf
00

ci

m

ci

ci

Lfn
ci

i~ D

W --

0;
*0

4)

Co

.4}
0

as
93
0

1-1

ed

.H
0

wa

11
2
Cd

S
co

co.E
4)

..

o6
Z

1 844



PERINATAL AND NEONATAL MORTALITY

frequent among the nonwhites, but the
proportions were much smaller than for
unreported weights. The range was from
3.9 per cent (whites) and 6.8 per cent
(nonwhites) at weights less than 1,000
grams to 1.6 and 2.7 per cent respec-
tively at 4,001-4,500 grams.

The major contribution to these pro-
portions of unknowns, particularly for
weight, is made by fetal deaths, since
the corresponding proportions for live
births alone at less than 26 weeks ges-
tation are but 9.8 and 5.5 per cent for
whites and nonwhites, respectively (com-

Figure 2-Perinatal and Neonatal Mortality Rates Among Single Deliveries by Duration
of Pregnancy and by Ethnic Groups: New York City, 1958-1961

Rates per 1000

DURATION OF PREGNANCY (weeks)
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Figure 3-Perinatal and Neonatal Mortality Rates Among Single Deliveries by Birth
Weight and by Ethnic Groups: New York City, 1958-1961
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pared to the 50 and 40 per cent for
total pregnancies). Among live births at
26-27 weeks gestation, the proportions
of unknown weight drop to 4.7 and 3.5
per cent and diminish further thereafter.
The lower proportions for live births
are largely accounted for by a campaign
extending over many years to get birth
weight information for live born infants;
in addition there is a disinclination on
the part of hospital personnel to weigh
fetuses born dead.
One major objection to using birth

record data for gestation has been the

1846

demonstrated error that occurs when
this item is reported in completed weeks
of gestation.1'3 For this reason, the New
York City certificates have, since Jan-
uary 1, 1957, required the initial date
of the last menstrual period. Duration
of pregnancy in this paper is that cal-
culated from this date and the reported
date of delivery. Improvements in the
resulting gestation distributions were
evident in that the proportion of live
deliveries at exactly 40 weeks was re-
duced from 64.3 per cent to 23.0 per
cent from one year to the next and, in-

VOL. 54. NO. 1 1, A.J.P.H.
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Figure 4-Mean Duration of Pregnancy
by Birth Weight and by Ethnic Groups
for Single Live Births: New York City,
1958-1961

stead of a curve with a single spike at
40 weeks, a curve approaching the
normal resulted. Moreover, former ac-
cumulations at even weeks of gestation
have disappeared.

Distributions by Duration of Pregnancy

Curves showing these gestation distri-
butions of live births, by ethnic group,
for various weight intervals up to 4,500
grams are presented in Figure 1. Be-
cause data for individual weeks were
not available for the period under study,
the distributions of live births in 1962
were used to estimate the numbers
within the groups of less than 30 weeks
and more than 36 weeks gestation for
1958-1961.
The configurations in these Figures

are not surprising. The displacement
of the curves to the right for successive
weight intervals and the general shapes
of the curves conform to expectations.
The extreme skewness in the direction

of lengthy gestation for the two lowest
weight groups may suggest some error
in either the weight or gestation in-
formation. On the other hand, the
marked similarity of the curves for the
two ethnic groups favors credibility.
Moreover, it suggests that any errors
that might produce bias are of the same
nature in both groups and that gesta-
tion comparisons will be valid. It can-
not be said whether the extent of recall
failure regarding the LMP date differs
between the ethnic groups although it is
known that larger proportions of non-
whites receive late or no prenatal care
and, therefore, have a somewhat longer
recall period than whites. Whether this
factor biases the distributions will be
further investigated.

In general, the nonwhite distribu-
tions as here depicted tend toward lower
gestation intervals. This tendency is
borne out by the mean values as will
be subsequently shown.

6 20 25 lo 35 zO

DURATION OF PREGNANCY w@,

Figure 5-Mean Birth Weight by Duration
of Pregnancy and by Ethnic Groups for
Single Live Births: New York City,
1958-1961
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PERINATAL AND NEONATAL MORTALITY

Perinatal Mortality 20 weeks or more gestation and resulting
in either a fetal death or a neonatal

Table 2 presents perinatal mortality death within 28 days after birth. Mar-
rates per 1,000 deliveries by gestation ginal rates indicate, for each ethnic
and by weight for each ethnic group. group, diminishing loss rates with ad-
In this discussion perinatal mortality vancing gestation, except for a slight rise
comprises pregnancies terminating at among nonwhites at 40 weeks or more

Table 4-Mean Duration of Pregnancy of Single Live Births by Birth
Weight and by Ethnic Groups-New York City, 1958-1961

Birth Weight White Nonwhite
(grams) Mean S.D. C.V. Mean S.D. C.V.

Total 39.8 2.4 6.0 38.8 3.3 8.5

Under 1,001 25.6 4.7 18.4 24.9 4.6 18.5
1,001-1,500 30.8 4.4 14.3 30.2 4.4 14.6
1,501-2,000 34.8 4.0 11.5 33.9 4.2 12.4
2,001-2,500 38.1 2.9 7.6 37.3 3.4 9.1
2,501-3,000 39.4 2.1 5.3 38.8 2.6 6.7

3,001-3,500 39.8 2.2 5.5 39.5 2.3 5.8
3,5014,000 40.4 1.6 4.0 39.9 2.1 5.3
4,0014,500 40.7 1.5 3.7 40.2 2.0 5.0
4,501-5,000 40.9 1.4 3.4 40.4 1.8 4.5
5,001 and over 40.6 1.8 4.4 40.4 1.7 4.2

Note: C.V.=Coefficient of variation.
S.D.= Standard deviation.

Table 5-Mean Birth Weight of Single Live Births by Duration of Preg-
nancy and by Ethnic Groups-New York City, 1958-1961

Duration of
Pregnancy White Nonwhite
(Weeks) Mean S.D. C.V. Mean S.D. C.V.

Total 3,215 553 17.2 3,045 775 25.5

Under 20 1,105 875 79.1 970 675 69.6
20-25 1,210 955 78.7 1,240 895 72.2
26-27 1,545 980 63.4 1,615 950 58.8
28-29 1,900 901 47.4 1,955 845 43.2
30 2,305 858 37.2 2,195 800 36.4
31 2,410 808 33.4 2,310 755 32.7
32 2,500 728 29.1 2,480 695 28.0

33 2,630 664 25.2 2,570 650 25.3
34 2,760 615 22.3 2,725 620 22.8
35 2,885 583 20.2 2,820 580 20.6
36 2,945 550 18.6 2,875 540 18.8
37-39 3,185 472 14.8 3,080 480 15.6
40 and over 3,395 488 14.4 3,255 495 15.3

Note: C.V. = Coefficient of variation.
S.D. = Standard deviation.

NOVEMBER, 1964 1 849



gestation (upper lines, Figure 2). Lower
mortality is also observed among non-
whites than among whites at each gesta-
tion interval until about the 37th week.
With weight at birth (upper lines, Fig-
ure 3), the rates decline regularly
among both whites and nonwhites to a
minimum and rise thereafter. The mini-
mum rate occurs among whites (7.6 per
1,000 deliveries), at 3,001-3,500 and
3,501-4,000 grams, but among nonwhites
(10.0 per 1,000) at the 3,001-3,500
weight only. Mortality among nonwhites
was found to be consistently lower than
that among whites until about 3,000
grams; beyond 3,000 grams the situa-
tion reversed.
From the perinatal loss rates among

the cases of unknown weight or gesta-
tion, it appears that they are highly
biased toward low weight-early gesta-
tion intervals. Consequently, loss rates
at these intervals are subject to some
error. Such an eventuality, however,
seems unlikely to affect substantially the
general patterns shown in this paper or
the conclusions.

In general, loss rates tend to decline
with advancing gestation regardless of
weight at birth until term. Other stud-
ies have shown rising mortality after 40
weeks and these data suggest that such
rises are not affected by weight of the
infant except possibly at the ends of the
weight scale. Unfortunately, our data
are not sufficiently detailed at the upper
end of the gestation scale to reach any
definitive conclusions on this point. With
birth weight the tendency is for de-
clining mortality with increasing weight
to about 3,000 grams with rises occur-
ring thereafter. These observations indi-
cate a nonlinear relationship between
the variables.

Neonatal Mortality

The remainder of this paper is con-
cerned mainly with neonatal mortality
which reflects the perinatal loss picture

1850

but has less frailty because of the rela-
tively smaller proportions of unknown
birth weights.

Table 3 provides neonatal death rates
for each ethnic group, which are shown
as the lower lines in Figures 2 and 3.
The patterns are so similar to those for
perinatal mortality that there is no point
to a lengthy discussion of the gross pat-
terns. However, it is worth while to
comment on the explanation generally
offered for relatively lower neonatal
mortality at lower gestation or lower
birth weights among nonwhites as com-
pared to whites; namely, that the fetal
death rates at these gestations or weights
may be higher among nonwhites than
whites. A review of fetal death rates
(which are not presented here) indicates
clearly that the lower neonatal mortality
among nonwhites is not explained by
any excess of fetal deaths. In fact, the
fetal death rates for low gestations and
low birth weights are also smaller among
nonwhites than among whites. This
fact is reflected in the similar relation-
ships between the two ethnic groups for
both neonatal and perinatal rates.
The mean gestations at specific weight

intervals and the mean births weights
at specific gestation intervals for live
births by ethnic groups are shown in
Figures 4 and 5. The data are presented
in Tables 4 and 5, together with the
standard deviations and coefficients of
variation. In keeping with the observa-
tions already made about the distribu-
tions of live births, it is not surprising
to find that nonwhites, at every weight
group, have a shorter duration of ges-
tation than do whites. On the other hand,
nonwhites tend to be slightly heavier, on
the average, when delivered at less than
30 weeks gestation.

It is a matter of interest that the
variability in duration of gestation, as
indicated by the coefficients of variation,
are of similar magnitudes for both eth-
nic groups and that the variability de-
creases with advancing birth weight.

VOL. 54, NO. 11, A.J.P.H.



PERINATAL AND NEONATAL MORTALITY

Similar observations hold for variabil-
ity in birth weight. However, weight
varies to a markedly greater extent than
does gestation.

Admittedly, these data are difficult to
interpret. They suggest that the explana-
tion of the reversal in infant loss rates
at a birth weight just above 2,500 grams
is not based on greater maturity
among the nonwhites at lower weights,
at least as measured by duration of
gestation, since nonwhites prove to be
delivered at a younger gestational age
than are whites at all weights.
The relationships shown in Figures 2

and 3 are generally reflected in each

specific gestation interval and for each
specific weight interval; namely, that
nonwhite experience is the more favorable
at earlier gestations and at lower
weights. For weight, the reversal in this
pattern occurs between the 2,501-3,000
birth weight interval, where the loss
rates are 8.0 and 7.5 for whites and
nonwhites respectively, and the 3,001-
3,500 interval, where the rates are 4.0
and 5.5. Let us, therefore, examine the
loss rates by gestation within these
weight intervals. Figures 6 and 7 show
the patterns, to which we can add com-
ment from observations already made.

Within the 2,501-3,000 gram group,

Figure 6A-Neonatal Mortality Rates Among Single Live Births of Birth Weight 2,501-
3,000 Grams by Duration of Pregnancy and by Ethnic Groups: New York City,
1958-1961
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Figure 6B-Perinatal Mortality Rates Among Single Deliveries of Birth Weight 2,501-
3,000 Grams by Duration of Pregnancy and by Ethnic Groups: New York City,
1958-1961
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gestation-specific neonatal mortality rates
(Figure 6A) are generally lower for the
nonwhites, except for a few points where
the rates approximate each other. The
question might validly be raised that
higher fetal loss rates among nonwhites
at the earlier gestational ages could ac-

count for this finding, but inclusion of
fetal losses in perinatal mortality rates
(Figure 6B) serves but to emphasize
the gestation-specific differences. The
disparity in the gross rates, however, is
narrowed to 14.9 and 14.4. As noted
previously, the mean gestation for live
births is lower among the nonwhites
and their distribution tends toward lower
gestation intervals.

1852

Within the 3,001-3,500 gram group,
gestation-specific neonatal mortality rates
(Figure 7A) among nonwhites are again
generally lower than among whites, but
nonwhites rates exceed those of whites
after the 34th week of gestation. More-
over, not alone do the excess nonwhite
rates start at an earlier gestational age
than in the previous weight interval,
but the difference between the rates is
more marked at the later gestations.
Here again, inclusion of fetal losses in
the perinatal rate (Figure 7B) clarifies
the picture but does not materially
change it, although the crossover in loss
rates does occur at a later gestation.
Mean gestation is also lower among the
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PERINATAL AND NEONATAL MORTALITY

nonwhites in this weight interval and
the distribution of live births also shows
a shift toward lower gestation.

Discussion

It seems incontrovertible that non-
white infants experience a better sur-
vival at low birth weights than do white
infants, whether survival be measured
by neonatal or perinatal rates. To this

extent, the present paper merely con-
firms earlier observations. We have been
able to show, in addition, that with
weight held constant the experience of
the nonwhites is better than that of the
whites until late in pregnancy. The bet-
ter survival of nonwhites at the lower
weights does not, therefore, seem to be
a function of their more advanced ma-
turity, at least insofar as maturity is
measured by duration of gestation. The

Figure 7A-Neonatal Mortality Rates Among Single Live Births of Birth Weight 3,001-
3,500 Grams by Duration of Pregnancy and by Ethnic Groups: New York City,
1958-1961
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Figure 7B-Perinatal Mortality Rates Among Single Deliveries of Birth Weight 3,001-
3,500 Grams by Duration of Pregnancy and by Ethnic Groups: New York City,
1958-1961
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differences in gross rates, neonatal and
perinatal, between whites and nonwhites
appear to be a function of the distribu-
tions at delivery. The better experience
of the nonwhites at low weights and at
earlier gestations is overcome by their
poorer experience at high weights and
advanced gestation, where greater pro-
portions of deliveries occur.

This explanation, of course, still leaves
many questions unanswered. Why do
nonwhites have a relatively better sur-
vival than whites if delivery occurs well
before term, when the infant or fetus
can be expected to be light in weight?
Why, conversely, should the nonwhites
have poorer survival late in pregnancy,

when birth weight may be expected to
be higher? Why do nonwhites have
relatively heavier babies than whites at
earlier gestations? Basically, do the non-
whites in fact mature faster than whites
in utero in a physiological development
that is not equivalently measured in the
two groups by either birth weight or
duration of pregnancy? If so, does this
mean that the relatively poor experience
of the nonwhites late in pregnancy indi-
cates undue prolongation of the preg-
nancy for them? Or do these data mean
that nonwhites are inherently more rug-
ged, able to withstand more depriva-
tion during early months of gestation
and the rigors of an early delivery,
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whereas the full toll of such deprivation
is felt mainly by those who struggle
through to term? Is it possible that poor
risks are discarded earlier in pregnancy
in the form of spontaneous abortions
among the nonwhites and that the sur-
vivors to the middle of the second tri-
mester are, hence, more capable of sur-
viving against odds than whites who
may be nurtured more carefully during
the early months of pregnancy?

It seems to us, from the data presented
here, that there are basic differences
between the two ethnic groups regard-
ing the birth weight-gestation structures
of the popula-tions of deliveries as well
as with respect to neonatal and perinatal
mortalities. To some extent, differences
in crude mortality rates derive from
the different birth weight-gestation struc-
tures. Relative durations of pregnancy
do not, however, explain the differences
in weight-specific mortality. We believe
that neither birth weight nor gestation
alone can adequately be used to measure
maturity at delivery in both populations
using the same standard, as is presently
practiced.
More knowledge about the develop-

ment of a fetus in utero is essential.
A comparison of these developmental
stages by birth weight and gestation is
needed to determine whether infants of
one ethnic group mature either at earlier
gestation or at lower weight. Such stud-
ies would then perhaps indicate the ap-
propriate scale for maturity for each
ethnic group, using birth weight and
gestation either singly or in combination
or with some third variable that such
research may reveal.

Summary

We have presented an analysis of
perinatal and neonatal losses by gesta-
tion, birth weight, and ethnic group
among almost 650,000 deliveries in New
York City from 1958 to 1961.

Both perinatal and neonatal loss rates
are, in general, lower among nonwhites
than among whites at weights less than
3,000 grams and gestations less than 35
weeks.
The patterns of loss among both whites

and nonwhites are similar, declining to
a minimum and increasing thereafter,
whether perinatal or neonatal loss alone
is considered.

Nonwhites have lower mean duration
of pregnancy than whites for each birth
weight interval. However, nonwhites
weigh more on the average than do
whites at gestations below 30 weeks, but
weigh less at 30 weeks or more.
The lower neonatal loss rates among

nonwhites at low birth weights does not
appear to be a function of longer dura-
tion of pregnancy.

Research is needed in the comparative
development of fetuses of different eth-
nic groups to determine whether, in
fact, there is a difference in their rates
of development.
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